Objective: Lowering blood pressure for secondary stroke prevention remains a challenge. These analyses were conducted to identify factors predicting achievement of SBP targets in the Secondary Prevention of Small Subcortical Strokes (SPS3) study.
INTRODUCTION
H ypertension is the most prevalent and modifiable risk factor for stroke irrespective of subtype [1, 2] but particularly for strokes caused by cerebral small vessel disease [3, 4] . Observational studies and randomized trials have consistently demonstrated that a reduction in SBP of 10 mmHg is associated with at least a 30% reduction in the risk of stroke [5, 6] . The magnitude of benefit is larger in patients with prior lacunar and hemorrhagic strokes [7, 8] . These factors highlight the importance of blood pressure control in this population. Despite the clear association between hypertension and stroke, successful control of blood pressure poststroke is still suboptimal [9] . It is important to identify factors that might preclude the ability to adequately lower blood pressure to a predetermined level of control in this population.
Previous studies of hypertension control have outlined factors associated with blood pressure control. These factors have included SBP rather than DBP targets, presence of comorbid conditions (diabetes, renal insufficiency), sex, race, number of drugs required, a lack of awareness of hypertension, advanced age, and adherence [9] [10] [11] [12] [13] [14] . Of note is the lack of consistency among studies regarding predictors of blood pressure control, perhaps related in part to the different patient populations and to differences in study designs.
The Secondary Prevention of Small Subcortical Strokes (SPS3) study is an ongoing National Institutes of Health sponsored multicenter international trial evaluating two targets of SBP control and antiplatelet treatment in patients with prior lacunar stroke [15] . The objectives of these analyses were to identify baseline characteristics of SPS3 participants that are predictive of lowering SBP to the assigned target at 12 months after entry into the trial; and to identify characteristics of SPS3 clinical sites and management of blood pressure that are associated with lowering SBP to the assigned target at 12 months, adjusted for baseline characteristics.
METHODS

Secondary Prevention of Small Subcortical Strokes trial
The rationale and design of SPS3 have been presented elsewhere [15] . Briefly, the SPS3 target population was patients with recent (within 6 months) MRI-proven lacunar stroke with no evidence of cortical stroke and without significant ipsilateral carotid stenosis and a major cardioembolic source. Patients were recruited from clinical centers in United States, Canada, Mexico, Ecuador, Peru, Chile, Argentina, and Spain. All patients were randomized, in a factorial design, to one of two SBP management groups: an 'intensive' group (target SBP <130 mmHg) or a 'usual' group (target SBP of 130-149 mmHg), and simultaneously to an antiplatelet intervention (aspirin 325 mg daily or aspirin 325 mg daily and clopidogrel 75 mg daily). It was hypothesized that 'intensive' management of SBP will result in fewer recurrent strokes and a decreased rate of cognitive decline. Recruitment began in March 2003 and was completed in April 2011. Patients were followed, on average, for 4 years with all participants followed to a common end date (April 2012). Sufficient power to detect an effect of blood pressure lowering was predicated on a mean difference of at least 10 mmHg systolic between the two treatment groups. This underscores the importance of identifying factors that predict the ability of participants to achieve target SBP in both the 'intensive' and the 'usual' groups. The SPS3 study was approved by the institutional review boards of all participating centers and all patients provided written informed consent.
Study sample
By SPS3 study design, there were no lower or upper exclusions for baseline SBP; thus, some participants were already within their assigned target or below target (those assigned to the 130-149 mmHg) at baseline and these participants were excluded from the current sample. As the aim of these analyses was to examine the predictors of lowering SBP into the randomly assigned target at 12 months, only those participants who were above their assigned targets at entry to the trial and who were seen at 12 months were included in the present study.
Secondary Prevention of Small Subcortical Strokes blood pressure protocol
Blood pressure was measured according to a detailed protocol [15, 16] based on Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC VII) guidelines [17] , and all site personnel received instruction on the protocol prior to initiating the trial. Sites were provided with the Colin 8800C, an automated oscillometric electronic device for blood pressure measurement, which meets the Association for the Advancement of Medical Instrumentation standards [16, 18] .
Prior to randomization, blood pressure was measured at two separate clinic visits to determine hypertension status prior to trial entry. Randomization was stratified by blood pressure status with both normotensive and hypertensive patients being assigned to one of the two SBP management groups. Participant blood pressure was managed locally at each clinical center by a physician with expertise in blood pressure management. A recommended algorithm, based on JNC-VII guidelines [17] , was provided to all sites to assist with blood pressure management (access algorithm at http://www.sps3.org). The algorithm advocates titration of dose as well as addition of agents using a step-wise approach, monitoring carefully for specific side effects of agents or due to lowering of the blood pressure. By protocol, patients assigned to the 130-149 mmHg group who were on antihypertensive medication with SBP below target were to have medication dose reduced or discontinued in order to achieve the assigned target, unless there was a clinical contraindication. Antihypertensive drugs prescribed to participants for reasons other than blood pressure control (e.g. b-blockers after myocardial infarction, angiotensin-converting enzyme inhibitors for diabetic nephropathy) were not discontinued in order to achieve the assigned blood pressure target. Drugs to increase blood pressure were not administered to achieve the 130-149 mmHg target for those participants whose SBP was less than 130 mmHg on no blood pressure lowering medications. Normotensive patients at study entry who became hypertensive during follow-up were managed according to their assigned blood pressure target.
Patients were seen at least monthly for adjustment of antihypertensive medications to achieve the assigned target blood pressure. Once the SBP was in the assigned target range at two consecutive visits, the participant continued with quarterly follow-ups. To maximize adherence, blood pressure medications were provided free of charge to participants as deemed appropriate by the site hypertension expert. One or two drugs from each of the major classes of antihypertensive medications and additional medications on a case-by-case basis were available.
Measurement of predictors
Demographics variables including lifestyle variables associated with hypertension, comorbid conditions, medications, and variables related to the clinical site and the patient's participation were examined as potential predictors of achieving blood pressure target. Lifestyle variables included smoking status, alcohol consumption, and exercise. The presence of comorbid conditions including obesity (BMI >30 versus 30), depression (measured by the Patient Health Questionnaire-9 [19] ), renal function (measured by the glomerular filtration rate), diabetes (based on self-report or if prescribed antiglycemic medications within the initial 3 months of study entry), and coronary artery disease (defined as present if the patient reported a definite history of myocardial infarction, angina, or revascularization procedure) were assessed for their potential impact on achieving blood pressure target. Baseline blood pressure, treated or untreated hypertension at entry to the study, and the presence of isolated systolic hypertension were also examined as potential predictors of achieving target SBP.
Variables related to the management of blood pressure included the number and class of antihypertensive medications at the 12-month follow-up and the presence of orthostatic hypotension (defined as SBP drop >20 mmHg from sitting to the standing position or reported symptoms of lightheadedness) at the 12-month follow-up. Site characteristics included the number of study participants at the clinical site at the time of the analyses (<20 versus !20), geographic location of clinical site (United States versus all other sites), and the ability to manage patient into target by 6 months (the average time to lower SBP into target). Adherence to medications (four-item self-report scale) and to study appointments and status in the blood pressure arm of the trial were included as predictors. Patients who refused to have their blood pressure managed into their assigned target by the study team or missed multiple visits so the team was unable to manage their blood pressure were designated as inactive, although they could be reactivated if the situation reversed.
Measurement of outcome at 12 months
In the SPS3 study, patients in the 'usual' group with SBP less than 130 mmHg were considered out of target and required withdrawal of medication, if not contraindicated, to allow SBP to increase to a level 130 mmHg or more. As these analyses were concerned with predictors of lowering SBP into the assigned targets, patients were considered 'in target' if the average SBP of three sitting measurements obtained at 12 months was less than 150 mmHg for the 'usual' group and less than 130 mmHg for the 'intensive' group. Patients assigned to the 'usual' group with SBP less than 130 mmHg were classified as 'in target'.
Statistical analyses
The analyses proceeded in two stages. The first analysis was concerned with examining characteristics of the study participant associated with achieving the assigned target including demographic and lifestyle factors, comorbid conditions, and the severity of hypertension at study entry. The second analysis examined the impact of SPS3 interventions to lower blood pressure, adjusted for the baseline characteristics.
Univariate logistic regression models were used to examine the relationship between the baseline potential predictors and whether or not a participant was in target at the 12-month clinic visit. Each model included the predictor, an indicator variable for the SBP target group, and a term capturing the interaction between the predictor and the SBP target group. The interaction term assessed the possibility of a differential predictor effect between the two SBP target groups. Predictor effects were examined separately in the two SBP treatment groups in the presence of a significant interaction. The common effect of the predictor was reported in the absence of a significant interaction.
Two separate logistic regression models were fitted to investigate independent predictors of achieving SBP under the upper target limit. The first parsimonious regression model included patient baseline predictors of lowering to target at the 12-month follow-up. All potential predictors were considered in a multivariable analysis using backwards selection. All significant interaction terms identified at the univariate level were also included in the 'full model.' After fitting the full model, the least significant term (identified by the largest P value greater than 0.05) was removed. A subsequent model was fit without the term. The process was repeated until no additional terms could be removed. In the second analysis, the independent effect of the variables reflecting SPS3 blood pressure management was examined. All baseline characteristics included in the parsimonious baseline model were permanently included in the model as covariates. Backward selection was again used to determine the most parsimonious model.
Frequencies (percentages) and means (SDs) are presented for categorical and quantitative descriptive statistics, respectively. Estimated predictor effects obtained from logistic regression models are presented as odds ratios and 95% confidence intervals. All tests of significance were two-sided and evaluated at a 0.05 level of significance. SAS version 9.2 (SAS Institute Inc, Cary, North Carolina, USA) was used for all statistical analyses.
RESULTS
There were 1041 participants as of July 2010, whose SBP was above target at study entry and who had completed the 12-month follow-up (see Figure 1) . Table 1 summarizes the characteristics of the study sample along with the univariate models of lowering SBP to the assigned target at 12 months. The mean age was 63 years at study entry with 61% men. This sample that included only those above their assigned target at study entry was 17% African American and 44% Hispanic individuals, owing to high recruiting sites in Latin America and including sites in the United States, which serve Hispanic communities. Although over one-third of the sample was diabetic and 38% were obese, only 7.6% reported a history of ischemic heart disease. Their average blood pressure at baseline was 155/83 with 91% of the sample reporting antihypertensive treatment at study entry. The majority of patients were taking at least one antihypertensive medication with around 53% taking two or more agents. The most common classification was an angiotensin-converting enzyme inhibitor (56.4%) followed by a diuretic (38.1%; data not shown).
At the 6-month follow-up, 67.2% were within their assigned target, 63.4% in the 'intensive' group and 75.8% in the 'usual' group. The average SBP in the 'intensive' group was 129 (AE14.4) mmHg and in the 'usual' group was 142.7 (AE13.9) mmHg. This was sustained at the 12-month
Baseline predictors of lowering SBP to assigned target at 12 months
The initial multivariable model examined the predictive value of patient characteristics at study entry for achieving assigned target at the 12-month follow-up. As can be seen in Table 2 , those who were classified as Hispanic at baseline were significantly more likely to be in target at 12 months than those classified as white (reference group; OR ¼ 1.49; 95% CI ¼ 1.11-2.02). Treated hypertension was also a significant risk factor for achieving target at 12 months with participants who were receiving antihypertensive medications at study entry much less likely (OR ¼ 0.31; 95% CI ¼ 0.17-0.59) to be in target compared to those who were not receiving antihypertensive medication at study entry.
Secondary Prevention of Small Subcortical Strokes clinical site predictors of lowering SBP to assigned target at 12 months
The contribution of variables related to the SPS3 clinical site management of SBP toward achieving assigned target at 12 months, adjusted for both race and treated hypertension at baseline, can be seen in Table 3 . Although baseline treatment for hypertension remained a significant independent predictor (OR ¼ 0.31; 95% CI ¼ 0.16-0.59), Hispanic ethnicity was no longer significant. Those participants who missed appointments were significantly less likely to achieve target than those who attended all study appointments (OR ¼ 0.55; 95% CI ¼ 0.41-0.73). Participants who were managed at larger sites (!20 enrolled participants) were 1.51 times more likely to have blood pressure lowered to target at 12 months compared to those managed at smaller recruiting sites. Participants whose SBP was lowered to the assigned target at the 6-month visit were over two times more likely to be in target at the 12-month visit than those whose SBP was not in target at the 6-month follow-up (OR ¼ 2.39; 95% CI ¼ 1.79-3.19). Finally, those who reported adherence with antihypertensive medications at 12 months were significantly more likely to be in target compared to nonadherent participants (OR ¼ 2.73; 95% CI ¼ 1.51-4.95).
DISCUSSION
These analyses provide several important observations related to blood pressure control in patients with established cerebrovascular disease within the context of an international clinical trial. The results are particularly important, as several studies have shown that lacunar strokes and intracerebral hemorrhage (presumed to have a similar mechanism) have a greater response to blood pressure lowering than other stroke subtypes [7, 8] . Most importantly, the findings from this study demonstrate that good blood pressure control can be achieved and this control can be sustained over time. After 6 months of follow-up, almost 70% of participants who were above their assigned target at study entry had achieved target and this control was sustained at the 12-month followup. It is important to note that this control rate has been achieved in a sample, which includes a high proportion of diabetics (38%) and African-Americans (17%), subgroups generally believed to be more difficult to control. Further, the effect of the predictor variables did not vary by target group. Although we may be underpowered to detect significant interactions, the lack of interactions may suggest that the effects of predictor variables including treated blood pressure at baseline and adherence to medications and appointments on lowering SBP to target are not different whether we are lowering SBP to less than 130 or less than 150 mmHg. Lowering blood pressure in SPS3
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The aim of this study was to examine predictors of lowering SBP to assigned target at the 12-month followup. The initial model was restricted to patient baseline characteristics. Several studies have examined the role of demographic and clinical characteristics in achieving blood pressure control [10] [11] [12] 20] . The Antihypertensive and LipidLowering Treatment to Prevent Heart Attack Trial (ALLHAT) reported that better blood pressure control was associated with male sex and the presence of arteriosclerotic cardiovascular disease. Worse control was associated with increasing age, lower initial SBP, and the presence of diabetes, obesity, or renal failure (serum creatinine !1.5 mg/dl) [10] . The Losarten Intervention for Endpoint (LIFE) study found that previous blood pressure treatment and diabetes were associated with a reduced odds of achieving the LIFE Study target blood pressure of less than 140/90 mmHg [20] . Interestingly, comorbid conditions including diabetes and obesity were not significant risk factors for achieving SBP target in the current study. In the model that included only baseline characteristics, however, Hispanic participants were significantly more likely to be in target compared to white participants. A recent report examining hypertension treatment and control rates using National Health and Nutrition Examination Survey (NHANES) 1999-2008 data reported lower control rates in Hispanics versus white individuals and recommended that to improve control, Hispanic individuals need to be screened and referred for treatment [21] . The higher percentage of Hispanics in this nested sample of those above target at study entry compared to the ethnicity breakdown in the overall SPS3 study may reflect access to care problems that were ameliorated by participation in the trial. This is consistent with findings from the ALLHAT Trial wherein Hispanic participants were less likely to be controlled at enrollment but within 6-12 months of follow-up, a greater proportion of Hispanics were in target compared with non-Hispanics [22] . The ALLHAT investigators concluded that blood pressure control can be achieved in all patients with equal access to care and the provision of medications at no cost.
Achieving the assigned SBP target at the 6-month follow-up was strongly associated with being in target at the 12 month follow-up visit and underscores the importance of treating to the SBP goal in a timely manner [23] . Investigators for the Valsartan Antihypertensive Long Term Use Evaluation (VALUE) study reported that there was little improvement in blood pressure control that occurred past the 6th month of the study, with good control rates persisting at 2 years (60.5%) [13, 24] . Perhaps more importantly, the enhanced efficacy of the amlodipine arm in achieving goal blood pressure early in the trial was associated with better longitudinal outcomes [24, 25] . As with the VALUE, most major hypertension treatment trials reported in the past 15 years have demonstrated that the most significant improvements in blood pressure occur in the initial 6 months of study participation with little improvement thereafter [20, [26] [27] [28] [29] [30] . The only major trial that demonstrated significant improvement in blood pressure control beyond the initial 6 months of the study was the ALLHAT Trial [10] . Blood pressure control (<140/90 mmHg) increased from 55% at 12 months to 66% at 60 months into the study. The reason for continued improvement was attributed to the use of multiple antihypertensive medications currently available today and to the use of tracking and feedback systems to monitor patient progress. Oliveria et al. [31] surveyed physicians of hypertensive patients and reported that pharmacological therapy was initiated or changed at only 38% of visits despite documented hypertension for at least 6 months before the patient's most recent visit. The most frequent reason for failure to initiate or intensify therapy was related to satisfaction with the blood pressure value. Within the context of the SPS3 trial, as has been found elsewhere [10, 23, 32, 33] , it is most likely that the regular access to care combined with management to a specific target is critical for controlling blood pressure. SPS3 does not mandate the medications to be used but rather sites are provided with a variety of tools to assist with achieving target blood pressure including an algorithm to guide management, a formulary of medications that can be provided to patients free of charge based on need, and regular feedback regarding site performance.
The size of the clinical site was a significant predictor with patients being treated at larger sites (>20 enrolled patients) about 1.5 times more likely to achieve target. Number of enrolled participants may reflect familiarity with the protocol and experience in lowering blood pressure to target in a timely manner. As has been reported with other conditions, increased exposure (volume) to a condition is associated with better outcomes [34] . Adherence to antihypertensive medications and study appointments, which may also reflect the experience of the clinical site in their interactions with study participants, were independent predictors of achieving target. As has been previously observed [35] [36] [37] , patients who reported adherence to their study medications at the 12-month follow-up were almost three times as likely to be in target as nonadherent patients.
A limitation of the analyses as conducted here relates to the definition of 'in target'. This was based on the in-clinic measurement at 12 months and as such reflects one averaged measurement rather than measurements from several clinic visits to define the achievement of target. This may result in some measurement error. However, as it could be in either direction it should not substantially change the results but may decrease their precision.
Results based on NHANES 1999-2008 data reported lower hypertension control rates in those 60 years or older [21] . Age was not associated with achieving good control in this study and this is particularly important in this cohort of stroke survivors related to the relationship between advancing age and increased incidence of stroke. Furthermore, our results suggest that the biologically important variables including diabetes, African-American ethnicity, and obesity that have, in many settings, contributed to the difficulty in achieving blood pressure control, can be overcome with quality care, which includes both access to care and the provision of effective interventions.
